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METHOD FORPRODUONG HELICAL SYNCHRONOUS BELT, AND HEUCAL 
SYNCHRONOUS BELT PRODUCED BY SAME 

5 

Pipild of Ihe Invention 

This invention relates to a driving belt with heUcal teefli. Hiis type of driving belt is used 
mainly in printers, copiers, etc., for producing reciprocating movements of a carnage or other similar 
camponait to oisure precise positioning of printed text 

10 nescri ptionoflhe Related Alt 

Meshing of a synchronous belt and pulley teeth is used as a means for transmitting power 

and conlrolling the position of a carriage equipped with a printer-head. This synchronous belt is 
suitable for achieving precise positioning control, and many equipment utilizing syndironous belts 
are used in offices and general homes wilh the advancement of information technology and difl&ision 
15 ofcomputers. 

However, these syndironous belts have dravvbadcs, sud» as noise problem and driving 
inegularities occurring during operation, whidi have negative impact on the work environment in 
offices or living environment in general homes. As a means for reducing the noise and driving 
inegularities of synchronous belts, heUcal synchronous belts having heUcal teeth were developed and 
20 puttouse. 

A heUcal synchronous belt generates less noise, because Ihe belt loofli does not 
simultaneously contact the pulley toofli alongtiie entire length of thetootti. 

While reducing noise, however, heHcal teeth that are formed at an angle to the pulley's 
rotating axis generateaforce to oflfeet the bett side tracldng. This posesaptoblem of liadd^ 

A higher tracking force of a helical synchronous belt results in problems, such as lower 
positioning accuracy, vibration associated with reciprocating movement, and reduced durability of the 
belt as a result of contact with the flange on the pulley' s side fece. 

A drive mechanism using a heUcal synchronous beh is e3q>lained briefly using Fig. 1 
through 3. A heUcal synchronous belt has leefli foraied at an angle to the puUe/s rotating axis 
30 Onevitably, the puUeys used with a heUcal synchronous belt also have heUcal teeth formed at an angle 
to the puUey's rotating axis). This design generates a thrust force in tiie axial direction, and tiierefore 
the beh is tracking toward tiie downstream side of the driving puUey's incUnation. 

As shown in Fig. 1, the basic stracture of a heUcal synchronous belt for driving carriage 
consists of a driving puUey (1), driven pulley (2), and heUcal synchronous belt (3). A carriage (8) 
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having a printer-head, etc., is instaUed on the belt and caused to move back and forth. Ihe driving 
pulley (1) and driven puUey (2) have flanges (7) to prevent detachmenL As shown in Fig. 2, Ae teeth 
on the helical synchronous belt (3), formed at an angle to the pulley' s axis, mesh vwlh Ihe heBcal teefli 
on the pulleys as the belt is driven. This heUcal synchronous belt produces less noise fiom driving 

5 However, the belt is subject to tracking along Ae inclination of the teeth, as shown in Fig. 3., because 
its teeth are formed at an angle to the pulley's rotating axis and therefore a thrust force is generated. 
ITus tracking causes the belt to contact the flange, resulting in wear and reduced durabiKty. 

A tracking belt also makes the contact pressure between the pulley and belt nonnmiform in 
the width direction of the belt and consequently produces vibration. As the belt skews, the carriage 

10 will also tilt and disturb the printing action. 

A numba: of measures have been proposed to solve this problem. 

For exairq)le. Japanese Patent Application Laid-open No. 10-153240 proposes a 
synchronous belt, whidi is formed in such a way that the core cords (27) are twisted in a single 
directwn corresponding to the inclination direction of the tooth trace, so that the driving force 

15 generated by the drive motor will be smoothly transmitted to Ihe carriage to achieve stable driving 
action, and consequentially, hi^er recording quality. The invention also proposes a printer-caniage 
drive medwnism that uses said synchronous belt The efifect of this invention is that because the 
inclination direction of Ae tooth trace of the driving gear is opposite to the inclination direction of the 
tooth trace of the driving pulley, the thrust force generated in the axial direction of flie driving pulley 

20 and driving gear by the helical gear teeth can be mitigsted. As a result, the bett can maintain hi^er 

reBability for a longer period, fa addition, by forming the heUcal teeth of the synchronous belt in sudi 
a way that thdr tooth trace is twisted in the same direction as the twist direction of the core cords 
comprising the synchronous belt, the Ihnist force generated in five width direction as a result of slant 
meshing of the synchronous belt with foe driving puUey and driven puney can be tracking aga^ 
25 twisting force ofthe core coids. This is some ofthe excellent effects offered by the afo^ 

invention as disclosed in the literature. 

In Japanese Patent Application Laid-open No. 10-1 84808, a helical synchronous timing belt 
is provided fliat can significanfly reduce tiie vibration caused by tiie friction with the flanges of the 
toothed pulleys around which the timing belt rotates; wherein (a) said heUcal tootii timing belt 
30 consists of core cords buried in the belt base and canvas attached on tiie tooth face side of the 
aforementioned belt base; (b) the inclination of tiie core cords and tiiat of tiie grains of canvas are set 
in the opposite direction to tiie inclination of tiie tootii trace of belt teetii witii reference to tiie mraiing 
direction of the belt; and (c) tiie core cords are twisted in S-pattem if tiie belt teetii are inclined upward 
in clockwise direction or downward in counterclodcwise direction witii respect to tiie nmning 
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direction ofthe belt representing «ie vertical reference line, or in Z^Mttem if Ihe belt teefli are inclined 
upward in counterclockwise direction or downward in clockwise direction. The heUcal synchronous 
timing belt provided by this invention allows the flmist force gpneraled by the belt teeth having an 
inclined tooth trace to be tracking by the thnist force generated fiom flie core cords and canvas, and as 
5 a result ttie overall thrust force generated by the belt is reduced. 

EarUer in Japanese Patent Application Laid-open No. 62-1 1222, the mventor of the present 
invention proposed an invention that suppresses belt tracking caused by the mnning of the belt To do 
this, the ridgeline of a twfll woven cloth is inclined in the opposite direction to the incUnation oflhe 
tension cord with respect to the naming direction oflhe belt, so that the thnist force generated by the 
10 contact of the canvas and pulleys can be used to reduce the tracking force resulting fix)m the 

inclination oflhe trai^cm cord. 

In J^ese Patent AppUcation Laid-open No. 2001-159449, the appUcant of the present 
invention proposed a hefical synchronous belt drive system consisting of ahelical synchronous belt as 
weU as a driving pulley and a driven pulley around which the belt is wound, with the aim of keeping 
15 the heUcalsyndironous belt fiom irackmg during the operation of the b^^^ 

preventing noise or wear on the belt side caused by the sliding ofthe bete side fece against the flan^^ 

wherein said heUcal syndmmous belt drive system is designed in sudi a w^ that the contact area of 
the belt tooth and pulley groove will increase gradually fiom the start to end of meshing of the helical 
synchronous belt with the driving puUey and driven puUey. TWs invention inlmd^ 
20 generation by reducing the contact oflhe heUcal teeth of the belt and the helical teefli oflhe puUeys, 
and thaeby limiting the fiiction area on bofli teetti. 

Summary oflhe Invaition 
The present invention is intended to develqp a heUcal synchronous belt for driving carriage 
25 that does not generate tracking due to the effect of heUcal teeth, in order to pre^t lower positioning 
accuracy, vibration associated with back and forth movement, and reduced durabiUty of the belt as a 
result of contact with the flange on the pulley's side fece. 

In developing the present invention, the inventor focused on the twisted core cords as a 
contributing fectorofbelttracldng and found that the tracking force codd be reduced by ch^ 
30 number of twists oflhe core cord To be specific, a more complete invention in temis of its fitness to 
practical use was proposed by speci^g the core cord twisting method by the twist angle. 

(1) A method for producing a heUcal synchronous belt, wherein said heUcal 
syndBonous beU for driving carriage comprises a back layer, teeth and core cords, each made of a 
synthetic resin, and the thnist force exerted on the heUcal synchronous belt due to the twist angle of 



PCT/JP2004/018109 

WO 2005/054708 

the core cord is measured using the strain gauge provided on the driving puUey in order to determine 
the helical tooth angle and core cord twist angle. 

(2) A helical synchronous helt having its core cords twisted at an angje opposing to the 
angle of helical teeth, with the heUcal tooth angle setto 5»to IS* and core cord twist angle set to IS** to 

5 2°. 

(3) A heUcal synchronous belt as described in (2), having a helical toofli angle of 10°, 

T or 5° and core cord twist angle of 10.2° or 4.8°. 

(4) A helical synchronous belt as described in (2) or (3), with its bade layer and teefli 
made of ureAane resin and its core cords made of aramid fiber or glass fiber. 

10 (5) A helical synchronous belt as described in (2), (3) or (4), used primarily for driving 

acarciage. 

TtrirfTVscri ption of flie Drarovings 
Fig. lisadrawing illustratingthe drive mechanism of ageneral heUcal synchronous belt for 

15 driving carriage. 

Fig. 2 is an oblique view of ahelical synchronous belt and apulley. 

Fig. 3 is a drawing illustrating the tracking mechanism of a heUcal synchronous belt 

Fig. 4 is a schematic iUustiation of aheUcal synchronous belt covered with canvas. 

Fig. 5 isaschematiciUusttationof aheUcal synchronous belt not covered with canvas. 
20 Fig. 6 is a view showing twist directiwis of twines. 

Fig. 7 is a schematic iUustration of a belt' s heUcal tooth angle and core cord twist angle. 

Fig. 8 is a drawing Ulustiating a device to measure traddng fixce. 

Fig. 9 is a graph of measured tracldng force and durabiUty. 
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1: 


Driving pulley 


2: 


Driven puUey 


3: 


HeUcal synchronous belt 


4: 


Tracking direction 


a: 


Rotating direction 


4: 


Tooth 


5: 


Badclay^ 


6: 


Cote cord 


7: 


Flan^ 
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8: 


Cairiagp 


9: 


Canvas 


d: 


Helical tooth angle 


P: 


Twist angle 


LI: 


Pulley axial direction line 


4a: 


Tooth inclination line 


6a: 


Twist inclination line 


41: 


Strain gauge 


42: 


Bridge 


43: 


Amplifier 


44: 


FFT 


45: 


PC 
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TW MnHft for Canrvinff Out the Invention 
15 The heUcal synchronous belt used in ihe present invention comprises teeth (4). back layer 

(5) and core cards(6). The core cords(6)areburiedin1he back kyer(5) on the tooth(4) side. 

Ahhou^ not illusliated, fliis portioning relationship allows core cords to be wrapped 
around a cylindrical mold having a circumference equal to the belt lengfti and also having a mold for 
female heUcal teeth attached on iL Then, Ihis core cord-wr^ cylinder is covered by an outer 

20 cylinderinoldofasiKlargeenou^toprovideavoidequivalenttothelhidmes^ 

then synthetic resin is injected into Ihe cavity. When resin cures, the molds are removed and the 
fomied product is cut to the belt widfli to fomi a heHcal synchronous belt of a ring sh^. Since core 
cords are wrapped around a cylinder wiih a mold for female heUcal te^ attached on it, the finished 
belt has its core cords positioned near Ihe surfece of the back layer on the tooth side. Synthetic resin is 

25 injected and fiUed into the space between the back layer and teeth, so the back layer and ^ 

formed integrally. 

With a heUcal synchronous belt having the above structure, the bottoms between belt teeth 
contact the tops of pulley teefli. The heUcal synchronous belt shown in Fig. 5 is an example of the 
heUcal syndironous belt stmctuie used in the present invention. The back layer and teeth are made of 
30 ttie same resin, and the core cords are positioned in the back layer on tiie tooth side. 

Fig. 4 shows anotiier example of belt structure, where canvas (9) is attadied on die belt 

surfece cm Ihe tooth side. 

The belt described in Patent Literature 2 as cited in the explanation of conventional belts is 
oflhis type. When canvas is attached, however, the canvas contacts the pulley and Ihe^^^ 
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a&cted by the friction between Ihe puUey and canvas. The belt is also affected by tiie weaving of the 
canvas. Therefore, ihis type of stmcture is not suitd)lefiff ^plying the present in^^ 
The core coids of the belt use twines made by twisting several cords together. 
Twines are classified into ri^t-handed twist (Z^twist) and left-handed twist (S-twist) 

5 depending on the twist direction. As shown in Fig. 6, a ri^t-handed twist is twisted upward in 
clockwise direction, while a left-handed twist is twisted upward in counterclockwise direction. 
NonnaUy belt core cords are made of one left-handed twist and one right-handed twist wound 
together. As for examples of conventional belts of this type, refer to Japanese Patent AppUcafion 
Laid-open No. 10-278127 and others for descriptions of belt production processes and winding of 

10 left-haaded twist and right^anded twist (refer to Fig. 11 in Japanese Patent AppUcation Laid-open 
No. 10-278127). 

Ihe present invention aims to generate resistance to the thmst force exerted on die helical 
synchronous beltby paying attention to the twisting of twines used as core cords. 

When a driving force is ^lied to tiie belt and tension generates, the core cords also receive 
15 flie tension, men puBed, the twines comprising the core cords generate a rotational mome^^ 

direction of ti^itaningthe twist 

The inventor considered that the surfece irregularities created by tiie twisting of the core 
cords would contact the tops of pulley teetti, thereby generating friction and resistance ag3inst sliding. 
These surfece irregularities also change the friction resistance, because the cont^ 
20 eachcorecordcomprisingatwinearedeterminedbythedirectionanddensityoftwist 

The present invention paid attentwn to the feet that the contact angle and length of cords are 
dependent on the core cord twist an^e. and Aereby developed, and provides, a heUcal syndironous 

beh that resists thrust force. 

The force resisting tiirust force, being derived from eadi core cord buried in lesin, is smaU 
25 and it is difficdt to calculate tWs force individuaUy. Therefore, the im^r created sample te^ 
synchronous belts using core cords of different twist angles that consequentially provide different 
levels of force resisting thrust force, and used a puUey equipped with a strain gauge for measuring 
tracking force to determine the twist angles at which the belt tracking becomes small. 

Here, the twist angle refers to the angle at which the cords comprising a twine are inclined 
30 with respect to the core cord direction. In Fig. 7, the twist angle is indicated by p. 

The measurements show tiiat aWiough die twist angle of a conventional core cord is 18.9°, a 
positive effect v<«sacWeved in the twist angle range of2° to 15° when the heUcaltxx)thm^^ 

cord twist an^e were set m the same direction or opposite directions. 

Fig. 7 gives a schematic drawing of a belt's heUcal tooth angle and core cord twist angle. 
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When Fig. 7 is used as an example, flie relationship of heUcal tootti an^e and core ooid twist angle is 
such that the heUcal tooth is inclined upvward in clockwise direction at angle o, while the core cord is 
twisted upward in counterclockwise direction at angle p (that is, this cord is a left4ianded twist). 

In the heUcal synchronous belt (3) shown in Fig. 7, angje a formed by the pulley axial 
5 direction line (LI) and helical tooth inclination Une (4a) gives the helical toofli angle, while angle p 
foraied by the twist inclination line (6a) of the cords comprising the twine (6) and the direction of the 

core cord gives the twist angle. 

Hie synthetic resin used in the teeth and back layer comprising the heUcal synchronous belt 
may be any commonly used material. For example, urethane rubber is used in the example. 
10 The core cords can also be made of any commonly used material. In the example, the core 

cords are made by twisting polyaramid and grass fibers together. 
A device to measure traddng force is shown in Fig. 8. 
Fig. 8 iUustiates the measurement of tracking force using a strain ^ge. 
A strain gpuge (41) is installed on the See end of a driving puUey (1) controlled by a motor 
15 (M), and a helical synchronous belt (3) is turned around the puUeys. The pressure received by the 
strain gauge (41) as a result of the generated thrust force is detected and ampUfied by a bridge (42) 
and arapUfier (43) to be analyzed/displayed by an analyzer FFT (44) and then oulputto aPC (45). 
•<Example of MeasuranaiO 

Table 1 and Fig. 9 show the measured results of tracking force and durabiUly based on 
20 heUcal tooth angles of 10°, T and 5° and cord twist angles of 18.9°, 10:2° and 4.8°, respectively. 

DurabiUty was measured as the number of passes achieved until the belt became no longer 
usable due to tearing or brealdng. 

Relationship of Cord Twist Angle and Traddng Force, and DurabiUty 
Table 1 
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Helical tooth angle 
Deg 


DurabiUty 
10,000's of passes 
(laps) 
xlO* 


Trackine force bv core cord specification 0>0 


Twist angle A 
18.9° 


Twist angleB 
10.2° 


Twist an^eC 
4.8° 


10 


6.4 


4.51 






15 




3.63 




36 






2.75 


7 


534 


0.59 






745 




0.57 




925 






0.52 


5 


3000 


0.51 






3300 




0.50 




3500 






0.44 
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As forlhe test resulte.v»*en the heUcal tooth angle was 10% 1^^ 
the coiw«itional twist an^e of 18.9»,butftdroppedto3.63Natatwist^^^ 
signfficantiyto2J5Natatwist angle of4.8%Cta1he other hand, Aedurabi^ 
5 passes with flie conventiQnal twist an^e to 150,000 passes (more than twice) and 360,000 passes 

(moie than five times), leqjectivdy . 

men the heUcal tooth angle was 7°,thetracldng force was 0.59Natttie conventional twk^ 

angle of 18^, but it was 0.57 N at a twist angle of \02\ and 0.52 N at a twist angle of 4.8». The 

durability increased ftom 5,340,000 passes with the conventional twist angle to 7,450,000 passes 

10 (2,000,000 passes more) and 9,250,000 passes (4,000,000 passes more), respectively. 

mentheheUcaltoolhanglewas5%1hetrackingforcewas0.51Nattheconventionaltwist 

angle of 18.9°, but H was 0.50 N at a twist angle of 102°, and 0.44 N at a twist an^e of 4.8°. The 
durabiUty increased fiom 30,000,000 passes to 33,000,000 passes and 35,000,000 passes, 
respectively. 

15 A large heUcal toolh angle is effective in reducing noise, but durability also drops. In flie 

present invention, however, the larger the heUcal tooth angle, the smaller the tracking force becomes 
and longer the belt life becomes. At a medium helical tooth angle of 7°, the tracking force is 
significantiy smaller than Ae level at a helical tooth angle of 10°, and the belt life is also very long. 
When the twist angle is reduced, the actual belt life increases considerably although the change in 

2D traddngfi»x»isiiur)imal. 

By the way, aminimum twist angle of ^ptox. 2° is needed to bundle core cords into atwine 

coreccMxL 

Fig. 9 shows the relationship of tracking force and durability at heUcal tooth angles of 10°, 
7° and 5° and twist angles of 18.9°, 102° and 4.8°. The vertical axis indicates tracking force in N, 
25 while the horizontal axis in<ficates belt life in hours. 

Tbe graph supports the above results, showing that the larger flie heKcal tooth angle, the 
smaller the tracking force becomes and longer the belt life becomes as flie twist angle decreases. At a 
twist angle of 7° or 4.8°, the belt life can be extended effectively. 

A carriage driving beh is subject to robbing against flanges and skipped tBClh, because the 
30 belt moves back and force wifliAecaniagp fixed on it As a result, printing quality wiUdrq^ 
time. By changing ihe cord twist angle in line witii the heUcd tooth angle, the durability un^ 

tee& occur can be increased. 
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Industrial F if^lH nf A pplication 

The present invention successfiiUy reduced the tracking force of a heUcal synchronous belt 
and improved the belt durabiUty. When this belt is used as a carriage belt for printer, etc., stable 
printing quality can be achieved at low noise. 
5 The larger the helical tooth angle, the smaller the tracking force becomes and hi^er the 

durability becomes as the twist angle decreases. When a helical toolh an^e is small, reducing Ae 
twist angle improves the durabiUty of the belt and extends its service hours. 
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